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(57) An exposure apparatus SYS, EX in which by 
filling at least a portion between a projection optical sys- 
tem PL and a substrate P with a liquid 50 and by projecting 
an image of a pattern onto the substrate P via said pro- 
jection optical system PL and said liquid 50, said sub- 
strate P is exposed, said exposure apparatus SYS, EX 



includes: a substrate holding member PH that holds said 
substrate P and keeps liquid 50 so that said substrate P 
is immersed in the liquid; and a liquid supply mechanism 
12 that supplies, at a vicinity of the projection area AR1 
of said projection optical system PL, liquid onto said sub- 
strate P from above said substrate P. 
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Description 

[0001] Priority is claimed on Japanese Patent Applica-. 
tion No. 2003-1 3721 4, filed May 1 5, 2003, the content of 
Which is incorporated herein by reference. s 

TECHNICAL FIELD 

[0002] The present invention relates to an exposure 
apparatus in which with at least a portion between a pro- 10 
jection optical system and a substrate being filled with a 
liquid, a pattern is exposed onto the substrate via the 
projection optical system and the liquid, and to a device 
manufacturing method that uses the exposure appara- 
tus, is 

BACKGROUND ART 

[0003] Semiconductor devices and liquid crystal dis- 
play devices are manufactured through the so-called 20 
photolithography technique, by which a pattern formed 
on a mask is transferred onto a photosensitive substrate. 
The exposure apparatus used in the photolithography 
process has a mask stage that supports the mask and a 
substrate stage that supports the substrate, and while 25 
successively moving the mask stage and the substrate 
stage, transfers the mask pattern, via a projection optical 
system, onto the substrate. In recent years, to address 
the increasingly high integration of device patterns, in- 
creasingly high resolution of the projection optical system 30 
has been desired. The shorter the exposure wavelength 
used is, and, also, the larger the numerical aperture of 
the projection optical system is, the higher the resolution 
of the projection optical system becomes. For this rea- 
son, the exposure wavelength used for the exposure ap- 35 
paratus is becoming shorter and shorter year by year, 
and the numerical aperture of the projection optical sys- 
tem is also becoming larger and larger. In this context, 
the presently dominant exposure wavelength is 248 nm 
from a KrF excimer laser, but a still shorter wavelength *o 
of 193 nm from an ArF excimer laser is now gradually 
being put to practical use. In addition, when performing 
exposure, the depth of focus (DOF) is an important factor 
along with the resolution. The resolution R and the depth 
of focus 8 are respectively expressed by the following 45 
formulas: 



R=k r A/NA, (1) 



5=±krA/NA 2 , (2) 

where X is the exposure wavelength, NA is the numerical 
aperture of the projection optical system, and and k 2 
are process coefficients. It can be seen from formulas 



2 

(!) and (2) that if, to enhance the resolution R, the wave- 
length X is made shorter and the numerical aperture is 
made larger, then the depth of focus 8 becomes narrower. 
[0004] When the depth of focus 5 becomes too narrow, 
it becomes difficult to make the substrate surface coin- 
cide with the image plane of the projection optical system, 
and thus there occurs the possibility that the focus margin 
during the exposure operation will be insufficient. To ad- 
dress this problem, the liquid immersion method, which 
is disclosed in, e.g., below-described patent documents 
1 and 2, has been proposed as a method to make the 
exposure wavelength shorter in effect and to make the 
depth of focus broader. This liquid immersion method is 
designed, by filling the space between the under surface 
of the projection optical system and the substrate surface 
with a liquid, e.g., water or organic solvent, to form a liquid 
immersion region and thus by taking advantage of the 
fact that the wavelength of the exposure light in the liquid 
becomes 1/n times (n is the refractive index of the liquid 
and is generally about 1.2 to 1 .6) of that in the air, improve 
the resolution and enlarge the depth of focus by approx- 
imately n times. 

[0005] By the way, with respect to the above-men- 
tioned related art, there are problems as described be- 
low. 

[0006] The exposure apparatus disclosed in the PCT 
International Publication No. WO 99/49504 is configured 
such that a liquid is supplied and recovered so that a 
liquid immersion region is formed on a part of a substrate; 
however, when the liquid is not completely recovered and 
remains on the substrate, there is the possibility that the 
remaining liquid vaporizes, thereby the substrate ther- 
mally deforms and, after vaporizing, an adhesion trace 
(so-caljed water mark) remains on the substrate and ad- 
versely affects the pattern to be formed on the substrate. 
On the other hand, the exposure apparatus disclosed in 
Japanese Unexamined Patent Application, First Publica- 
tion No. H1 0-303114 is configured such that the entirety 
of a substrate is held in a liquid; however, because the 
liquid between the projection optical system and the sub- 
strate is not replaced so much, there is the possibility that 
the temperature of the liquid of the liquid immersion re- 
gion may change and impurities are apt to be contained 
therein, which may deteriorates the pattern image pro- 
jected onto the substrate. Thus, there arises the possi- 
bility that devices having a desired performance cannot 
be manufactured. 

[0007] Furthermore, with respect to the exposure ap- 
paratus of the above-mentioned PCT International Pub- 
lication No. WO 99/49504, when a substrate having ex- 
perienced an exposure process is conveyed (carried 
out), with the liquid remaining (adhering) on the surface 
of the substrate, the remaining liquid drops from the sub- 
strate during the conveyance process, which results, for 
example, the disadvantage that due to the liquid dropped, 
various devices and members neighboring on the con- 
veyance path rust, or the cleanliness of the ambience in 
which the exposure apparatus is installed cannot be 
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maintained. Furthermore, the liquid that has dropped 
(scattered) from the substrate may cause the ambient 
condition (humidity) change around the exposure appa- 
ratus.. When the humidity changes, there arises, for ex- 
ample, the problem that the air on the optical path of an 
optical interferometer used for measuring the stage po- 
sition fluctuates, the stage measurement cannot be per- 
formed accurately, and thus a desired pattern transfer 
accuracy cannot be obtained. Furthermore, if after the 
exposure process, a development process, for example, 
is performed in a state that the liquid still adheres on the 
substrate, there arises the possibility that devices having 
a desired performance cannot be manufactured. 

DISCLOSURE OF INVENTION 

[0008] The present invention has been made .in con- 
sideration of such situations, and its object is to provide 
an exposure apparatus by which even when an exposure 
process is performed with a liquid being filled between a 
projection optical system and a substrate, a desired de- 
vice pattern can be formed on the substrate, and a device 
manufacturing method that uses the exposure appara- 
tus. 

[0009] To resolve the above-described problems, the 
present invention adopts the following configurations that 
are illustrated in the embodiments and correspond to 
FIGS. 1 to 12. 

[0010] An exposure apparatus (SYS, EX) of the 
present invention is an exposure apparatus in which by 
filling at least a portion between a projection optical sys- 
tem (PL) and a substrate (P) with a liquid (50) and by 
projecting an image of a pattern onto the substrate (P) 
via the projection optical system (PL) and the liquid (50), 
the substrate (P) is exposed, the exposure apparatus 
includes: a substrate holding member (PH) that holds the 
substrate (P) and keeps the liquid (50) so that the sub- 
strate is immersed in the liquid; and a liquid supply mech- 
anism (12) that supplies, at a vicinity of the projection 
area (AR1 ) of the projection optical system (PL), the liquid 
(50) onto the substrate (P) from above the substrate (P). 
[0011] In accordance with the present invention, be- 
cause it is configured such that a liquid is supplied from 
above the substrate in a state that the entire substrate is 
immersed in the liquid, the influence of the vaporization 
of the liquid on the substrate surface, specifically, e.g., 
the thermal deformation of the substrate and the emer- 
gence of an adhesion trace due to the liquid vaporization, 
can be prevented, and because a fresh and clean liquid 
can be supplied between the projection optical system 
andthe substrate, the influences of the liquid temperature 
change and of impurities being suppressed, thereby a 
desired pattern can be formed on the substrate. Thus, 
devices having a desired performance can be manufac- 
tured. 

[0012] An exposure apparatus (SYS, EX) of the 
present invention is an exposure apparatus in which by 
forming a liquid immersion region (AR2) on at least a part 
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of a substrate (P) and by projecting an image of a pattern 
onto the substrate (P) via the liquid (50) forming the liquid 
immersion region (AR2) and a projection optical system 
(PL), the substrate (P) is exposed, the exposure appa- 

5 ratus includes: a substrate holding member (PH) that 
holds the substrate (P) and has a side wall portion (PHW) 
formed such that it surrounds the substrate (P) to prevent 
the liquid (50) flowing out; and a movable member (PST) 
on which the substrate holding member (PH) can be de- 

io tachably set and which is two-dimensionally movable rel- 
ative to the projection optical system (PL) while support- 
ing the substrate holding member (PH). 
[001 3] I n accordance with the present invention, by de- 
tachably setting the substrate holding member on the 

15 movable member, the substrate having experienced an 
exposure process can be carried out in a state that the 
substrate is held by the substrate holding member. Ac^ 
cordingly, the ambient condition change, the rusting of 
the devices, etc., caused by the dropping or scattering 

20 of the liquid from the substrate can be prevented. 

[0014] An exposure apparatus (SYS, EX) of the 
present invention is an exposure apparatus in which by 
forming a liquid immersion region (AR2) on at least a part 
of a substrate (P) and by projecting an image of a pattern 

25 onto the substrate (P) via a liquid (50) forming the liquid 
immersion region (AR2) and a projection optical system 
(PL), the substrate (P) is exposed, the exposure appa- 
ratus includes: a substrate holding member (PH) that 
holds the substrate (P), with a movable member (PST) 

30 on which the substrate holding member (PH) can be de- 
tachably set and which is two-dimensionally movable rel- 
ative to the projection optical system (PL) while support- 
ing the substrate holding member (PH); and a convey- 
ance mechanism that conveys the substrate holding 

35 member (PH) detached from the movable member 
(PST), with the substrate (P) held by the substrate holding 
member. 

[0015] In accordance with the present invention, be- 
cause by detachably setting the substrate holding mem- 

40 ber on the movable member, a substrate having experi- 
enced an exposure process can be carried out in a state 
that the substrate is held by the substrate holding mem- 
ber, the adhesion and residual of the liquid on the mov- 
able member or the members near the movable member 

45 can be prevented, and, for example, the dropping of the 
liquid from the substrate can be prevented. 
[0016] A device manufacturing method of the present 
invention uses the exposure apparatuses (SYS, EX) de- 
scribed above. In accordance with the present invention, 

50 devices having a desired performance can be manufac- 
tured in a state that the influence of the vaporization of 
the liquid and the ambient condition change are sup- 
pressed. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 
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FIG. 1 is a schematic diagram showing an embodi- 
ment of a device manufacturing system as an expo- 
sure apparatus of the present invention. 
FIG. 2 is a drawing when FIG. 1 is viewed from above. 
FIG. 3 is a schematic diagram showing an embodi- s 
ment of an exposure apparatus main body that per- 
forms exposure processes. 

FIGS. 4 A and 4B are diagrammatic sketches to ex- 
plain a substrate holder that is attached and de- 
tached relative to a substrate stage. 10 
FIGS. 5A and 5B are drawings showing an embod- 
iment of a substrate holder. 

FIG. 6 is a drawing showing a layout example of sup- 
ply nozzles and recovery nozzles. 
FIG. 7 is a schematic diagram showing an embodi- 15 
ment of a liquid removal device associated with the 
present invention. 

FIG. 8 is a plan view to explain the gas blowing por- 
tion in FIG. 7. 

FIGS. 9A, 9B and 9C are diagrammatic sketches to 20 
explain the operation of an exposure apparatus of 
the present invention. 

FIGS. 1 0A, 1 0B and 1 0C are diagrammatic sketches 
to explain the operation of an exposure apparatus 
of the present invention. 25 
FIG. 11 is schematic diagram showing another em- 
bodiment of a liquid removal device associated with 
the present invention. 

FIG 1 2 is a flowchart showing an example of a sem- 
iconductor device manufacturing process. 30 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0018] Now, referring to the drawings, an exposure ap- 
paratus and a device manufacturing method of the 35 
present invention will be described. FIG. 1 is a drawing 
showing an embodiment of a device manufacturing sys- 
tem provided with an exposure apparatus of the present 
invention and is a schematic diagram when viewed from 
the side; FIG. 2 is a drawing when FIG. 1 is viewed from *o 
above. 

[0019] In FIGS. 1 and 2, a device manufacturing sys-r 
tern SYS is provided with an exposure apparatus 
EX-SYS and a coater-developer device C/D-SYS. The 
exposure apparatus EX-SYS is provided with an inter- 45 
face portion IF that forms a connection portion thereof to 
the coater-developer device C/D-SYS, with an exposure 
apparatus main body EX that by filling a space between 
a projection optical system PL and a substrate P, an ob- 
ject to be exposed, with liquid 50 and by projecting a so 
pattern image onto the substrate P via the projection op- 
tical system PL and the liquid 50, exposes the substrate 
P, with a conveyance system (a conveyance mechanism) 
H that can convey the substrate P between the interface 
portion IF and the exposure apparatus main body EX, 55 
with a liquid removal device 1 00 that constitutes a liquid 
removal mechanism which is provided midway along the 
conveyance path of the conveyance system H and re- 



moves the liquid adhering on the substrate P experienced 
an exposure process, and with a controller CONT that 
controls the overall operation of the exposure apparatus 
EX-SYS. In this embodiment, the conveyance system H 
is provided with first, second, and third conveyance de- 
vices H1, H2, and H3, each having an arm portion. 
[0020] The exposure apparatus main body EX is lo- 
cated within a first chamber device CH1 in which clean- 
liness is controlled. The first, second, and third convey- 
ance devices H1 , H2, and H3 are also disposed within 
the first chamber device CH1 . The coater-developer de- 
vice C/D-SYS is provided with a coater device C that 
applies photoresist (photosensitive material) to the base 
material of the substrate P before the exposure process 
and with a development device (a processing device) D 
that develops the substrate P afterthe exposure process 
performed at the exposure apparatus main body EX. The 
coater device C and the development device D are lo- 
cated within the second chamber device CH2 separate 
from the first chamber device CH1 . 
[0021] The first chamber device CH1 that accommo- 
dates the exposure apparatus main body EX and the 
second chamber device CH2 that accommodates the 
coater device C and the development device D are con- 
nected to each other via the interface portion IF. Note 
that in the following description, the coater device C and 
the development device D that are accommodated in the 
second chamber device CH2 will be collectively referred 
to as "a coater-developer main body C/D n as necessary. 
[0022] The exposure apparatus main body EX is a liq- 
uid immersion type exposure apparatus in which an ex- 
posure is performed in a state that a space between the 
projection optical system PL and the substrate P is filled 
with liquid 50, i.e., in a state that a liquid immersion region 
AR2 is formed on the substrate P. The exposure appa- 
ratus main body EX is provided with a mask stage MST 
that supports a mask M, with a substrate holder PH (PH1 , 
PH2) that constitutes a substrate holding member that 
holds the substrate P (P1, P2), with a substrate stage 
PST (PST1 , PST2) that constitutes a movable member 
that holds the substrate holder PH and moves the sub- 
strate holder PH, with an illumination optical system IL 
that illuminates the mask M supported by the mask stage 
MST with exposure light EL, with the projection optical 
system PL that projects an image of a pattern of themask 
M illuminated with the exposure light EL onto the sub- 
strate P held by the substrate holder PH on the substrate 
stage PST, with a liquid supply mechanism 12 that sup- 
plies, at a vicinity of a projection area AR1 of the projec- 
tion optical system PL, the liquid 50 for forming the liquid 
immersion region AR2 on the substrate P from above the 
substrate P, and with a liquid recovery mechanism 14 
that recovers, at a vicinity of the projection area ARl, the 
liquid 50 on the substrate P. 

[0023] It should be noted here that as will be described 
later, the substrate holder PH is detachably set on the 
substrate stage PST, and the conveyance system H (the 
first, second, and third conveyance devices H1, H2, and 
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H3) can convey not only the substrate P, but also the 
substrate holder PH having the substrate P being held 
thereby. 

[0024] The exposure apparatus main body EX of the 
embodiment adopts a so-called twin stage system having 
the two substrate stages PST1 and PST2. As a specific 
configuration of the twin stage system, such a system as 
is disclosed in, e.g., Japanese Unexamined Patent Ap- 
plication, First Publication No. H1 0-1 63099, Japanese 
Unexamined Patent Application, First Publication No. 
H1 0-214783, or Published Japanese Translation No. 
2000-511704 of the PCT International Publication may 
be adopted. In FIG 1 , the first substrate stage PST1 sup- 
ports the first substrate holder PH1 that holds the first 
substrate P1 , and the second substrate stage PST2 sup- 
ports the second substrate holder PH2 that holds the 
second substrate P2. 

[0025] Furthermore, the exposure apparatus main 
body EX of the embodiment is a scan type exposure ap- 
paratus (the so-called scanning stepper) in which while 
synchronously moving the mask M and the substrate P 
in mutually different directions (opposite directions) along 
the scanning direction, the pattern formed on the mask 
M is exposed onto the substrate P. In the following de- 
scription, it is assumed that the synchronous movement 
direction (the scanning direction), in a horizontal plane, 
of the mask M and the substrate P is referred to as the 
X-axis direction, that the direction perpendicular to the 
X-axis direction, in the horizontal plane, is referred to as 
the Y-axis direction (the non^scanning direction), and that 
the direction that is perpendicular to the X-axis direction 
and to the Y-axis direction and coincides with the optical 
axis AX of the projection optical system PL is referred to 
as the Z-axis direction. Furthermore, it is assumed that 
the direction around the X-axis, the direction around the 
Y-axis, and the direction around the Z-axis are respec- 
tively referred to as the GX-direction, the OY-direction, 
and the GZ-direction. It should be noted that a "substrate" 
referred to herein comprehends a semiconductor wafer 
over which photoresist is applied and that a "mask" com- 
prehends a reticle on which a device pattern to be reduc- 
tion projected onto a substrate is formed. 
[0026] FIG. 3 is a schematic diagram of the exposure 
apparatus main body EX and is a drawing showing the 
state in which the first substrate stage PST1 , among the 
first substrate stage PST1 and the second substrate 
stage PST2, is positioned under the projection optical 
system PL. Note that the second substrate stage PST2 
has a configuration equivalent to that of the first substrate 
stage PST1 and that the second substrate holder PH2 
has a conf iguration equivalent to that of the first substrate 
holder PH1. 

[0027] The illumination optical system IL is for illumi- 
nating the mask M supported by the mask stage MST 
with the exposure light EL and includes a exposure light 
source, an optical integrator for uniforming the illumi- 
nance of a light flux emitted from the exposure light 
source, a condenser lens for condensing the exposure 



light EL from the optical integrator, a relay lens system, 
a variable field stop for setting an illumination area on 
the mask M formed by the exposure light EL to be of a 
slit-like shape, etc. The illumination area on the mask M 
5 is illuminated, by the illumination optical system IL, with 
the exposure light EL having a uniform illuminance dis- 
tribution. As the exposure light EL emitted from the illu- 
mination optical system IL, for example, a bright line of 
ultraviolet region (g-line, h-line, i-line) emitted from a mer- 
10 cury lamp, a deep ultraviolet light (DUV light) such as a 
KrF excimer laser light (wavelength of 248 nm), and a 
vacuum ultraviolet light (VUV light) such as an ArF exci- 
mer laserlight (wavelength of 1 93 nm) oran F 2 laser light 
(wavelength of 1 57 hm) may be used. In the embodiment, 
15 an ArF excimer laser light is used. 

[0028] The mask stage MST is for supporting the mask 
M, is two-dimension ally movable in a plane perpendicular 
to the optical axis AX, i.e., in the XY-plane, and is finely 
rotatable in the GZ-direction. the mask stage MST is driv- 
20 en by a mask stage driver MSTD such as a linear motor. 
The mask stage driver MSTD is controlled by the con- 
troller CONT. The two-dimensional position and the ro- 
tation angle of the mask M on the mask stage MST are 
measured by a laser interferometer in real time, and the 
25 measurement results are outputted to the controller 
CONT. By driving the mask stage driver MSTD based on 
the measurement results from the laser interferometer, 
the controller CONT performs positioning of. the mask M 
supported by the mask stage MST. 
30 [0029] The projection optical system PL is for projec- 
tion exposing the pattern of the mask M onto the substrate 
P at a predetermined projection magnification of p and 
is constituted by a plurality of optical elements (lenses), 
and those optical elements are supported by a lens barrel 
35 PK as a metal member. In the embodiment, the projection 
optical system PL is a reduction system of which the pro- 
jection magnification p is, e.g., 1/4 or 1/5. It should be 
noted that the projection optical system PL may also be 
either a unit magnification system or a magnifying sys- 
40 tern. Furthermore, at the end side (the substrate P's side) 
of the projection optical system PL Of the embodiment, 
an optical element (lens) 60 protrudes from the lens barrel 
PK. The optical element 60 is detach ably (exchangeably) 
disposed relative to the lens barrel PK. 
45 [0030] The substrate stage PST (PST1 ) moves while 
supporting the substrate holder PH (PH1), which is ca- 
pable of holding the substrate P, and provided with a Z 
stage 51 that supports the substrate holder PH, a XY 
stage 52 that supports the Z stage 51 , and a base 53 that 
so supports the XY stage 52. Furthermore, the substrate 
stage PST (the Z stage 51 and the XY stage 52) is driven 
by a substrate stage driver PSTD such as a linear motor. 
The substrate stage driver PSTD is controlled by the con- 
troller CONT. By driving the Z stage 51 of the substrate 
55 stage PST, the Z-direction position (focus position) and 
the GX- and GY-direction positions of the substrate P held 
by the Z stage 51 are controlled. Furthermore, by driving 
the XY stage 52 of the substrate stage PST, the XY-di- 
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rection position (the position in the direction substantially 
parallel to the image plane of the projection optical sys- 
tem PL) of the substrate P is controlled. More specifically, 
the substrate stage PST is movable at least two-dimen- 
sionally relative to the projection optical system PL; the 
2 stage 51 , by controlling the focus position and inclina- 
tion angle of the substrate P, makes the surface of the 
substrate P to coincide with the image plane of the pro- 
jection optical system PL in an auto-focus manner and 
an auto-leveling manner; and, the XY stage 52 performs 
positioning of the substrate P in the X-axis and Y-axis 
directions. It is to be noted that needless to say, the 2 
stage and the XY stage may be integrally constructed. 
Still further, on the substrate stage PST (the 2 stage 51 ) 
is set a moving mirror 54, and at a position facing the 
moving mirror 54 is positioned a laser interferometer 55. 
The two-dimensional position and the rotation angle of 
the substrate P on the substrate stage PST are measured 
by the laser interferometer 55 in real time, and the meas- 
urement results are outputted to the controller CONT. By 
driving the substrate stage driver PSTD based on the 
measurement results from the laser interferometer 55, 
the controller CONT performs positioning of the substrate 
P supported by the substrate stage PST. 
[0031] The substrate holder PH (PH1 ) is for holding 
the substrate P (P1) and has a side wall portion PHW 
formed such that it surrounds the substrate P to prevent 
flowing out of the liquid 50 having been supplied on the 
substrate P by a liquid supply mechanism 12. The sub- 
strate holder PH is capable of keeping a predetermined 
amount of liquid by the side wall portion PHW and keeps 
the liquid 50 in the inside region of the side wall portion 
PHW such that the substrate P held is immersed in the 
liquid 50. At least during an exposure process, the sub- 
strate P is held in the liquid inside of the side wall portion 
PHW of the substrate holder PH. 

[0032] The substrate holder PH (PH1 ) is detachably 
set on the substrate stage PST (PST1 ). More specifically, 
it is configured such that the substrate holder PH can be 
attached and detached relative to the substrate stage 
PST in a state that the substrate P is held by the substrate 
holder. Here, as described above, the exposure appara- 
tus main body EX of the embodiment adopts a twin stage 
system; it is configured such that as the substrate stage 
PST, the first substrate stage PST1 and the second sub- 
strate stage PST2 are provided; and it is configured such 
that as the substrate holder PH, the multiple substrate 
holders PH1 and PH2 are provided. Furthermore, each 
of the substrate holders PH1 and PH2 can be attached 
to and detached from either of the first substrate stage 
PST1 and the second substrate stage PST2. 
[0033] FIGS. 4A and 4B are drawings showing the sub- 
strate holder PH that is attached to and detached from 
the substrate stage PST (the 2 stage 51). FIG. 4A is a 
sectional side view; FIG. 4B is a plan view of 51 when 
viewed from above after the substrate holder PH has 
been detached from the 2 stage. 
[0034] As shown in FIGS. 4A and 4B ( the 2 stage 51 



is provided, on its upper surface (the surface for holding 
the substrate holder PH), with a concave portion 57 in 
which the substrate holder PH can be fitted and with a 
plurality of vacuum suction holes 58 that are provided 

5 Inside of the concave portion 57 and suck-and-hold the 
substrate holder PH positioned in the concave portion 
57. By fitting the substrate holder PH in the concave por- 
tion 57, the 2 stage 51 and the substrate holder PH are 
aligned with each other. The vacuum suction holes 58 

10 constitute a portion of a chucking mechanism that holds 
the substrate holder PH positioned in the concave portion 
57 and are connected to a vacuum device, not shown. 
The drive of the vacuum device is controlled by the con- 
troller CONT. The controller CONT controls the vacuum 

15 device to perform, via the vacuum suction holes 58, the 
suction-and-hold and release-of-hold operations of the 
2 stage 51 on the substrate holder PH. By performing 
the release-of-hold operation, the substrate holder PH 
becomes separable from the 2 stage 51 . 

20 [0035] It should be noted that while it is described in 
the above that the 2 stage 51 vacuum suck-and-holds 
the substrate holder PH, it may also be configured such 
that the substrate holder PH is held and from-hold-re- 
leased by means of another chucking mechanism such 

25 as an electromagnetic chucking mechanism. Further- 
more, while it is described in the above that the alignment 
between the 2 stage 51 and the substrate holder PH is 
performed by using the concave portion 57, it may also 
be configured, for example, such that the positional re- 

30 lationship between the substrate holder PH and the 2 
stage 51 is optically detected, and then based on the 
detection results, the substrate holder PH is positioned 
in a predetermined position relative to the 2 stage 51. 
[0036] The conveyance system H provided with the. 

35 conveyance devices (see FIG. 1)can convey the sub- 
strate holder PH detached from the substrate stage 51. 
For example, the second conveyance device H2 of the 
conveyance system H can carry out (unload), from the 
substrate stage PST, the substrate holder PH holding 

40 the substrate P that has experienced an exposure proc- 
ess and then convey it to a liquid removal device 1 00. 
Furthermore, the first conveyance device H1 can carry 
(load) the substrate holder PH holding the substrate P 
that has not yet experienced an exposure process to the 

45 substrate stage PST. 

[0037] FIGS. 5A and 5B are drawings showing the sub- 
strate holder PH; FIG. 5A is a sectional side view; FIG 
5B is a plan view, when viewed from above. 
[0038] In FIGS. 5A and 5B, the substrate holder PH is 

50 provided with the above-described side wall portion PHW 
that can keep the liquid 50, with a plurality of convex 
portions 61 formed on a bottom surface portion PHT, and 
with vacuum suction holes 62 formed on the upper end 
surfaces of the convex portions 61. The upper end sur- 

55 faces of the convex portions 61 are flat surfaces; and the 
substrate holder PH supports the substrate P by the up- 
per end surfaces of the multiple convex portions 61 and, 
suck-and-holds the substrate P via the vacuum suction 
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holes 62. Here, each of the convex portions 61 is formed 
in each of a plurality of predetermined positions on the . 
bottom surface portion PHT of the substrate holder PH 
so that the substrate P supported does not bend. With 
the substrate P being supported by the convex portions 

61 , a space portion 64 is formed between the substrate 
P and the bottom surface portion PHT of the substrate 
holder PH. It is to be noted that while in the embodiment, 
the substrate holder PH is substantially disc-shaped, 
when viewed from the top, it may also be rectan- 
gle-shaped. 

[0039] Furthermore, it is configured such that when the 
Z stage 61 and the substrate holder PH are connected, 
the vacuum suction holes 62 of the substrate holder PH 
are connected, via flow paths 62A formed in the substrate 
holder PH, to flow paths 59 (see FIG. 4B, etc.) provided 
on the upper surface of the.Z stage 51 . The flow paths 
59 are connected to the vacuum device, and the control- 
ler CONT drives the vacuum device to suck-and-holds 
the substrate P supported by the convex portions 61 , via 
theflow paths 59 of the Z stage 51, the flow paths 62A 
of the substrate holder PH, and the vacuum suction holes 

62. Here, each of the flow paths 62A is provided with 
valve portion 62B which is constituted by, among other 
things, an electromagnetic that is driven underthe control 
of the controller CONT, and thus the open/close opera- 
tions of the flow paths 62A can be remote controlled. The 
controller CONT, when it drives the vacuum device, 
opens the flow paths 62A by controlling the valve portions 
62B; and, the controller, when it stops the vacuum device, 
closes the flow paths 62A. Thus, iris configured such 
that by stopping the drive of the vacuum device and by, 
at the same time, closing the flow paths 62A by means 
of the valve portions 62B after the suction operation on 
the substrate P via the vacuum suction holes 62, the neg- 
ative pressure of the flow paths 62A is maintained. Ac- 
cordingly, even when the Z stage 51 and the substrate 
holder PH are separated from each other, the substrate 
holder PH can; with the negative pressure of the flow 
paths 62A being kept, maintain the suction-and-hold of 
the substrate P. 

[0040] Furthermore, at a predetermined position of the 
bottom surface portion PHT of the substrate holder PH 
are provided a flow path 65 that can discharge the liquid 
50 held by the substrate holder PH and a valve portion 
66 which is constituted by, among other things, an elec- 
tromagnetic valve that opens and closes the flow path 
65. The drive of the valve portion 66 is controlled by the 
controller CONT. The flow path 65 is formed such that it 
runs completely from the substrate holder PH's bottom 
surface portion PHT to the under surface PHK. 
[0041] Returning to FIG. 3, the liquid supply mecha- 
nism 1 2 is provided with a liquid supply portion 1 that can 
deliverthe liquid, with a supply pipe 3 of which one end 
portion is connected to the liquid supply portion 1, and 
with a supply nozzle 4 that is connected to the other end 
portion of the supply pipe 3 and is provided in the vicinity 
of the projection area AR1. The liquid supply portion 1 is 
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provided with a tank that stores the liquid 50, a pressu- 
rizing pump, a filter device that can remove impurities 
contained in the liquid to be supplied, etc.; and thus, the 
liquid supply portion 1 can deliver the liquid from which 

s the impurities have been removed. The liquid supply 
mechanism 12 supplies, via the supply pipe 3 and the 
supply nozzle 4, the liquid. 50 delivered from the liquid 
supply portion 1 , at a vicinity of the projection area AR1 
of the projection optical system PL, from above the sub- 

10 strate P to fill at least the space between the end surface 
of the projection optical system PL (the end surface of 
the lens 60) and the substrate P with the liquid. 
[0042] The liquid recovery mechanism 1 4 is provided 
with a liquid recovery portion 2 provided with a suction 

15 pump, a tank that stores the liquid recovered, etc., with 
a recovery pipe 6 of which one end portion is connected 
to the liquid recovery portion 2, and with a recovery nozzle 
5 that is connected to the other end portion of the recovery 
pipe 6 and is positioned in the vicinity of the projection 

20 area AR1 . The liquid recovery mechanism 14 drives the 
liquid recovery portion 2 and recovers, at a vicinity of the 
projection area AR1 of the projection optical system PL, 
the liquid on the substrate P via the recovery nozzle 5 
and the recovery pipe 6. 

25 [0043] In order to fill the space between the projection 
optical system PL and the substrate P with liquid 50 dur- 
ing the exposure of the substrate P, the controller CONT 
drives the liquid supply portion 1 to supply, via the supply 
pipe 3 and the supply nozzle 4, the liquid of a predeter- . 

30 mined amount on the substrate P per-unit-time and, at 
the same time, drives the liquid recovery portion 2 to re- 
cover, via the recovery nozzle 5 and the recovery pipe 
6, the liquid of the predetermined amount off from the 
substrate P per-unit-time. By this, the liquid immersion 

35 region AR2 is formed between the projection optical sys- 
tem PL and the substrate P. 

[0044] With respect to the. undermost lens 60 of the 
projection optical system PL, its end portion 60A is 
formed to be of a rectangular shape elongated in the 

*o Y-direction (non-scanning direction), with only a portion 
required in the scanning direction being left. During scan- 
ning exposure, a pattern image of a part of the mask M 
is projected onto the rectangular projection area AR1 be- 
neath the end portion 60A, and in synchronization with 

45 the movement of the mask M in the -X direction (or in the 
+X direction) at a speed V, the substrate P moves relative 
to the projection optical system PL, via the XY stage 52, 
in the +X direction (or in the -X direction) at a speed p-V 
(p is the projection magnification). After completion of 

50 exposure of one shot area, a next shot area is brought 
to a scanning start position through the stepping move- 
ment of the substrate P, and in this way, exposure for 
each shot area is successively performed through the 
step-and-scan method. In addition, during the exposure 

55 of a shot area, the liquid flows, relative to the projection 
optical system PL, in the same direction as the moving 
direction of the substrate P. 

[0045] FIG. 6 is a drawing illustrating the relationship 
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among the projection area AR1 of the projection optical 
system PL, the supply nozzle 4 (4A-4C) that supplies the 
liquid 50 in the x-direction, and the recovery nozzle 5 (5A, 
5B) that recovers the liquid 50. In. FIG. 6, the projection 
area AR1 is of a rectangle shape elongated in the Y-di- 5 
rection; three supply nozzles 4A-4C are disposed in the 
+X direction side and two recovery nozzles 5A and 5B 
are disposed in the -X direction side so that the projection 
area AR1 is located between the three supply nozzles 
and the two recovery nozzles. The supply nozzles 4A-4C 10 
are connected to the liquid supply portion 1 via the supply 
pipe 3, and the recovery nozzles 5A and 5B are connect- 
ed to the liquid recovery portion 2 via the recovery pipe 
4. Furthermore, supply nozzles 8A-8C and recovery noz- 
zles 9A and 9B are disposed in the arrangement in which 15 
the supply nozzles 4A-4C and the recovery nozzles 5A 
and 5B are rotated by substantially 180 degrees. The 
Supply nozzles 4A-4C and the recovery nozzles 9A and 
9B are disposed alternately in the Y-direction; the supply 
nozzles 8A-8C and the recovery nozzles 5A and 5B are 20 
disposed alternately in the Y-direction; supply nozzles 
8A-8C are connected to the liquid supply portion 1 via a 
supply pipe 1 0; the recovery nozzles 9A and 9B are con- 
nected to the liquid recovery portion 2 via a recovery pipe 
11. 25 
[0046] When, in the exposure apparatus main: body 
EX, the scanning exposure for the substrate P is per- 
formed by moving the substrate in the scanning direction 
(-X direction) indicated by arrow Xa (see FIG. 6), the sup- 
ply and the recovery of the liquid 50 are performed by 30 
the liquid supply device 1 and the liquid recovery device 
2, by the use of the supply pipe 3, the supply nozzles 
4A-4C, the recovery pipe 4, and the recovery nozzles 5A 
and 5B. More specifically, when the substrate P moves 
in the -X direction, the liquid 50 is supplied, from the liquid 35 
supply device 1, between the projection optical system 
PL and the substrate P via the supply pipe 3 and the 
supply nozzle 4 (4A-4C), and, at the same time, the liquid 
50 is recovered by and into the liquid recovery device 2 
via the recovery nozzle 5 (5A, 5B) and the recovery pipe *o 
6, with the liquid 50 flowing in the -X direction such that 
the space between the lens 60 and the substrate P is 
filled with the liquid. On the other hand, when the scan- 
ning exposure forthe substrate P is performed by moving 
the substrate in the scanning direction (+X direction) in- 45 
dicated by arrow Xb, the supply and the recovery of the 
liquid 50 are performed by the liquid supply device 1 and 
the liquid recovery device 2, by the use of the supply pipe 
1 0, the supply nozzles 8A-8C, the recovery pipe 1 1 , and 
the recovery nozzles 9A and 9B. More specifically, when so 
the substrate P moves in the +X direction, theJiquid 50 
is supplied, from the liquid supply device 1 , between the 
projection optical system PL and substrate P via the sup- 
ply pipe 1 0 and the supply nozzle 8 (8A-8C), and, at the 
same time, the liquid 50 is recovered by and into the liquid 55 
recovery device 2 via the recovery nozzle 9 (9A, 9B) and 
the recovery pipe 1 1 , with the liquid 50 flowing in the +X 
direction such that the space between the lens 60 and 
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the substrate P is filled with the liquid. In this way, the 
controller CONT, by using the liquid supply device 1 and 
the liquid recovery device 2, makes the liquid 50 flow 
along the moving direction of the substrate P. In this re- 
gard, the liquid 50 supplied from the liquid supply device 
1 via, e.g., the supply nozzle 4 flows in the manner that 
the liquid, being induced by the -X direction movement 
of the substrate P, is pulled into the space between the 
projection optical system PL and the substrate P, and 
thus, even if the supply energy of the liquid supply device 
1 is small, the liquid 50 can be easily supplied to the 
space. By changing, in response to the scanning direc- 
tion, the direction in which the liquid 50 is made to flow, 
the space between the end surface of the lens 60 and 
the substrate P can be filled with the liquid 50, in both of 
the case where the substrate P is scanned in the +X 
direction and in the case where the substrate P is 
scanned in the -X direction, which makes it possible to 
obtain a high resolution and a wide depth of focus. 
[0047] Next, referring to FIG. 7, an embodiment of the 
liquid removal device 100 will be described. The liquid 
removal device 100 is provided midway along the con- 
veyance path of the conveyance system H and is for rer 
moving the liquid adhering on the substrate P experi- 
enced a liquid immersion exposure process. As de- 
scribed earlier, the conveyance system H can convey 
the substrate holder PH along with the substrate P, and 
it is configured such that, for example, the second con- 
veyance device H2 of the conveyance system H detach- 
es and carries out (unloads) the substrate P having ex- 
perienced an exposure process along with substrate 
holder. PH from the substrate stage PST, and then con- 
veys them to the liquid removal device 100. 
[0048] The liquid removal device 1 00 is provided with 
a stage device 20, with a holder supporting members 21 
that are provided to the stage device 20 and have pin 
members that can support the substrate holder PH hav- 
ing been conveyed to the liquid removal device 100 by 
the conveyance system H (the second conveyance de- 
vice H2), with a driving mechanisms 22 that move the 
holder supporting members 21 up and down relative to 
the stage device 20, with a holding member 36 that can 
hold the substrate P having been conveyed along with 
the substrate holder PH, with a first blowing portion 33 
that by blowing a gas against the surface (upper surface) 
of the substrate P held by the holding member 36, blows 
off and removes the liquid 50 adhering on the surface of 
the substrate P, and with a second blowing portion 34 
that by blowing a gas against the reverse surface (under 
surface) of the substrate P held by the holding member 
36, blows off and removes the liquid 50 adhering on the 
reverse surface of the substrate P. Being controlled.by 
the controller CONT, the driving mechanisms 22 can, by 
moving the holder supporting members 21 down, mount 
the substrate holder PH supported by the holder support- 
ing member 21 on the upper surface of the stage device 
20 arid separates, by moving the holder supporting mem- 
bers 21 up, the substrate holder PH from the stage device 
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20. 

[0049] The stage device 20, the holder supporting 
members 21, the driving mechanisms 22, the holding 
member 36, the first blowing portion 33, and the second 
blowing portion 34 are provided inside of a chamber 25 5 
as a cover mechanism. The chamber. 25 is provided with 
a first opening portion 26 formed on the side of the second 
conveyance device H and a second opening portion 27 
formed on the side of the third conveyance device H3. 
To the first opening portion 26 is provided a first shutter ™ 
26A that opens and closes the first opening portion 26; 
to second opening portion 27 is provided a second shutter 
27A that opens and closes the second opening portion 
27. The open/close operations of the first shutter 26A 
and the second shutter 27A are controlled by the con- 15 
troiler CONT. When the first shutter 26A is opened, the 
second conveyance device H2 becomes accessible into 
the liquid removal device 100 (the chamber 25) via the 
first opening portion 26 and can carry (carry out) the sub- 
strate holder PH holding the substrate P into (from) the 20 
liquid removal device 100. On the other hand, the third 
conveyance device H3 is accessible into the liquid re- 
moval device 1 00 via the second opening portion 27 and 
can carry out the substrate P from the liquid removal de- 
vice 1 00 (and carry the substrate P into the liquid removal 25 
device 100). Furthermore, by closing the first and second 
shutters 26A and 27B, the chamber 25 is made to be 
airtight. 

[0050] Each of the first and second blowing portions 
33 and 34 is connected to a gas supply device 35 via a 30 
flow path. To the flow path is provided a filter that removes 
the foreign substances (dust and oil mist) in the gas to 
be blown against the substrate P. The gas supply device 
35 supplies dry gas to the first and second blowing por- 
tions 33 and 34. In the embodiment, the gas supply de- 35 
vice 35 supplies dry air. By using the dry air supplied from 
the gas supply device 35, the first and second blowing 
portions 33 and 34 blow off the liquid adhering on the 
substrate P held by the holding member 36. Here, the 
gas blown by the first and second blowing portions 33 *o 
and 34 is blown against the surface and the reverse sur- 
face of the substrate P from an inclined direction. While 
moving the first and second blowing portions 33 and 34 
in the X-direction relative to the substrate P held by the 
holding member 36, the controller CONT blows the gas. 45 
In this regard, because the length of each nozzle main 
body of the first and second blowing portions 33 and 34 
is sufficiently large compared with the substrate P, the 
gas is blown all over against the upper and reverse sur- 
faces of the substrate P. With the gas being blown against 50 
the substrate P, the liquid 50 adhering thereon is blown 
off and removed. 

[0051] FIG. 8 is a drawing of the inside of the chamber 
25, viewed from above. As shown in FIG. 8, the substrate 
P2 is held by the holding member 36 at both Y-axis dk 55 
rection end portions of the reverse surface side. The first 
blowing portion 33 is provided with a nozzle main body 
portion 33A of which longitudinal direction is directed in 
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the Y-direction and with a plurality of nozzle holes 33B 
that are successively provided in the longitudinal direc- 
tion of the nozzle main body portion 33A. The dry air 
supplied by the gas supply device 35 is blown.from each 
of the plurality of nozzle holes 33B. The second blowing 
portion 34 has also a configuration equivalent to that of 
the first blowing portion 33, and has a nozzle main body 
portion of which longitudinal direction is directed in the 
Y-direction and a plurality of nozzle holes. 
[0052] The substrate P held by the holding member 36 
and the first and second blowing portions 33 and 34 are 
set such that they can move relative to each other. In the 
embodiment, it is configured such that the holding mem- 
ber 36 holding the substrate P2 can scan -move in the 
x-direction along a guide portion 36B (see FIG. 7) by the 
drive of a driver 36A, and, by this, it is configured such 
that the substrate P2 moves relative to the first and sec- 
ond blowing portions 33 and 34. It is to be noted that it 
may also be configured such that the first and second 
blowing portions 33 and 34 are scan-moved in the x-di- 
rection relative to the substrate P held by the holding 
member 36 or that both of the holding member 36 and 
the first and second blowing portions 33 and 34 are 
moved. 

[0053] The liquid removal device 1 00 is provided with 
a suction pipe 28 A one end of which is disposed on the 
bottom surface of the chamber 25 and the^other end of 
which is connected to a liquid suction device :29 and with 
a suction pipe 28B one end of which is disposed on the 
upper surface of the stage device 20 and the other end 
of which is connected to the liquid suction device 29. The 
suction pipe 28 A is for suGking the liquid 50 that has 
dropped on the bottom surface of the chamber 25; the 
suction pipe 28B is for sucking the liquid 50 that is inside 
of the side wall portion PHW of the substrate holder PH 
mounted on the stage device 20. The liquid suction de- 
vice £9 has a pump, a tank that recovers the liquid 
sucked, etc., and sucks and recovers the liquid via the 
suction pipes 2BA and 2BB. Here, it is configured such 
that the one end of the suction pipe 28 B is connected to 
the flow path 65 of the substrate holder PH being mount- 
ed on the upper surface of the stage device 20; and the 
suction pipe 28B and the liquid suction device 29 suck, 
via the flow path 65, the liquid 50 that is inside of the side 
wall portion PHW of the substrate holder PH. 
[0054] Next, the operation of the device manufacturing 
system SYS provided with the above-described expo- 
sure apparatus main body EX and the liquid removal de- 
vice 1 00 will be described. 

[0055] Here, in the embodiment, a liquid immersion 
method is applied to, with the exposure wavelength being 
shortened in effect, improve the resolution and, at the 
same time, to widen the depth of focus in effect. For that 
purpose, at least while the pattern image of the mask M 
is being transferred onto the substrate P, the space be- 
tween the surface of the substrate P and the substrate 
P's side end surface (under surface) of the optical ele- 
ment (lens) 60 of the projection optical system PL is filled 
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with the liquid 50 to form the liquid immersion region AR2 
on the substrate P. As described above, the lens 60 pro- 
trudes at the end side of the projection optical system 
PL, and it is configured such that the liquid 50 is in contact 
with only lens 60. By this, for example, rusting of a lens s 
barrel PK made of a metal is prevented. In the embodi- 
ment, purified water is used as liquid 50. Purified water 
can transmit not only ArF excimer laser light, but also the 
exposure light EL even when it is, for example, a bright 
line of ultraviolet region (g-line, h-line, or i-line) emitted n> 
from a mercury lamp or deep ultraviolet light (DUV light) 
such as KrF excimer laser light (wavelength of 248 nm). 
[0056] Furthermore, in the embodiment, the first con- 
veyance device H1 of the conveyance system H carries 
(loads) substrate P that has not yet been exposed to the is 
substrate stage PST, with the substrate being held by 
the substrate holder PH; the second conveyance device 
H2 carries out (unloads), from the substrate stage PST, 
substrate P that has experienced an exposure process 
along with the substrate holder PH and then conveys 20 
them to the liquid removal device 100; the third convey- 
ance device H3 conveys substrate P between the liquid 
removal device 100 and the interface portion IF. Sub- 
strate P having been applied with a photoresist coating 
process at the coater-deveioper main body C/D (coater 25 
device C) is delivered to the third conveyance device H3 
via the interface portion IF. Here, with respect to the first 
and second chamber devices CH1 and CH2, in each of 
the portions thereof that face the interface portion IF are 
provided an opening portion and a shutter that opens and 30 
closes the opening portion. During the conveyance op- 
eration of substrate P relative to the interface portion IF, 
the shutters are opened. The third conveyance device 
H3 mounts the substrate P before being subjected to an 
exposure process on the substrate holder PH at the liquid 35 
removal device 100 (or at an intermedi ary device or con- 
veyance device, not shown). The first conveyance device 
H1 loads the substrate holder PH holding substrate P 
before being subjected to the exposure process onto the 
substrate stage PST of the exposure apparatus main *o 
body EX, specifically, onto either one of the first substrate 
stage PST1 and the second substrate stage PST2. Next, 
substrate P after being subjected to the exposure proc- 
ess is unloaded from the substrate stage PST along with 
the substrate holder PH by the second conveyance de- 45 
vice H2. The second conveyance device H2 delivers the 
substrate holder PH holding the unloaded substrate Pto 
the liquid removal device 100. The substrate Pfrom which 
the liquid is removed by the liquid removal device 100 is 
then delivered to the third conveyance device H3, and so 
the third conveyance device H3 delivers the substrate P 
to the coater-deveioper main body C/D (development de- 
vice D) via the interface portion IF. The development de- 
vice D applies the delivered substrate P with a develop- 
ment process. 55 
[0057] In the following, referring to FIGS. 9A to 9C and 
FIGS. 10A to 10C, the operation of the device manufac- 
turing system SYS will be described. 



[0058] As shown in FIG. 9A, the controller CONT car- 
ries (loads), by using the first conveyance device H1 , the 
substrate holder PH (PH1) holding the substrate P (P1) 
before being subjected to an exposure process onto the 
substrate stage PST1 , one of the two substrate stages 
PST1 and PST2. Here, as has been described referring 
to FIGS. 4A and4B, the substrate holder PH is positioned 
so as to fit in the concave portion 57 provided on the 
substrate stage PST (Z stage 51) and is held by the 
chucking mechanism having the vacuum suction holes 
58. Then, the controller CONT drives the vacuum device 
to vacuum suck-and-hold the substrate. P1 via the flow 
paths 59, the flow paths 62A, and the vacuum suction 
holes 62. Furthermore, under an alignment system AL, 
measurement of the surface position of the substrate P, 
detection of alignment marks on- the substrate P, etc., 
are performed. Note that during this process, the valve 
portions 62B keep the flow paths 62A open. Next, the 
controller CONT moves the substrate stage PST1 to the 
position under the projection optical system PL and ac- 
tivates the liquid supply mechanism 1 2 to begin to supply 
the liquid 50 onto the substrate P from above the sub- 
strate P. In this process, because the vacuum suction 
holes 62 are closed up by the substrate P1 
suck-and-held, the liquid 50 supplied does not leak into 
the vacuum suction holes 62. 

[0059] When the liquid has pooled, inside of the side 
wall portion PHW of the substrate holder PH 1 , to the ex- 
tent that a thin film of the liquid (water) having a thickness 
of 1 mm or less is formed on the surface of the substrate 
P1 , the controller CONT, by moving the substrate stage 
PST1 in the Z-direction little by little, makes the lens 60 
at the end of the projection optical system PL come in 
contact with the liquid 50 on substrate the P1 , as shown 
in FIG. 9C. On completion of the realization of this state, 
the controller CONT begins the liquid supply by means 
of the liquid supply mechanism 1 2 and the liquid recovery 
by means of the liquid recovery mechanism 1 4 to start a 
liquid immersion exposure process for the substrate P1. 
By this, the fresh liquid from which impurities have been 
removed is continuously supplied between the projection 
optical system PL and the substrate P1. Furthermore, 
when each shot area of the substrate P1 is exposed, the 
liquid (water) already supplied on the substrate P1 and 
the liquid supplied from the liquid supply mechanism 1 2 
mix with each other with good affinity; and thus, a stable 
flow of the liquid 50 can be created between the projection 
optical system PL and the substrate P, even if the sub- 
strate P is moved (scanned) at a high speed. In addition, 
because the substrate holder PH1 is provided with the 
side wall portion PHW, the liquid 50 does not flow to the 
outside of the substrate holder PH1 during the exposure 
of substrate P. 

[0060] It should be noted that while, in the above, the 
substrate stage PST1 is moved in the Z-direction after 
the liquid has pooled on the surface of the substrate P1 , 
it may also be configured such that before beginning to 
supply the liquid 50 from the liquid supply mechanism 
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12, the substrate stage PST1 is moved in the Z-direction 
up to a predetermined position. 

[0061] While the liquid immersion exposure is per- 
formed for the substrate PI on the substrate holder PH1 
supported by the substrate stage PST1 , one of the first 
and second substrate stages PST1 and PST2, the con- 
troller CONT detaches the substrate holder PH2 that is 
supported by the other substrate stage PST2 and is hold- 
ing the exposed substrate P2 and then carries out (un- 
loads) the substrate holder PH2 from the substrate stage 
PST2. When detaching the substrate holder PH2 from 
the substrate stage PST2, the controller CONT releases 
the hold of the substrate holder PH2 by the chucking 
mechanism including the vacuum suction holes 58 and, 
at the same time, closes flow paths 62A by using the 
valve portions 62B. As shown in FIG. 1 0A, the controller 
CONT carries out (unloads) from the substrate stage 
PST2, by means of the second conveyance device H2, 
the substrate holder PH2 holding the exposed substrate 
P2 in liquid 50. When detaching the substrate holder PH2 
from the substrate stage PST2, because, as has been 
described referring to FIGS. 5A and 5B, the flow paths 
62A connected to the vacuum suction holes 62 
suck-and-holding the substrate P2 are closed by the 
valve portions 62B and thus the negative pressure state 
of the flow paths 62A is maintained, the suction-and-hold 
of the substrate P2 on the upper end surfaces of the 
convex portions 61 is maintained, and, at the same time, 
the liquid 50 kept inside of the side wall portion PHW 
does not flow out via the flow paths 62A. Needless to 
say, during the liquid immersion exposure and convey- 
ance processes, the flow path 65 of the substrate holder 
PH2 is closed by the valve portion 66. 
[0062] The second conveyance device H2, after de- 
taching the substrate holder PH2 holding the substrate 
P2 from substrate stage PST2, conveys the substrate 
holder PH2 to the liquid removal device 100. When the 
second conveyance device H2 approaches the liquid re- 
moval device 100, the controller CONT opens the first 
shutter 26A. During this process, the second shutter 27A 
is closed. The second conveyance device H2 delivers, 
via the first opening portion 26, the substrate holder PH2 
to the holdersupporting members 21 of the liquid removal 
device 100. During this process, the holdersupporting 
members 21 are, based on the drive of the driving mech- 
anisms 22, elevated relative to the stage device 20, and 
the second conveyance device H2 delivers the substrate 
holder PH2 to the holder supporting members 21 that are 
elevated relative to the stage device 20. 
[0063] After delivering the substrate holder PH2 to the 
holdersupporting members 21, the second conveyance 
device H2 retreats from the chamber 25 via the first open- 
ing portion 26. When the second conveyance device H2 
has retreated from the chamber 25, the controller CONT 
closes the first shutter 26A, as shown in FIG. 10B. By 
this, the chamber 25 is made to be airtight. When the 
chamber 25 has made to be airtight, the controller CONT 
makes the under surface of the substrate P2 to be held 



4 481 A1 20 

by the end portions of the holding member 36. Here, with 
the substrate P2 being supported by the convex portions 
61 of the substrate holder PH2, a space portion 64 is 
formed between the substrate P2 and the bottom surface 

5 portion PHT of the substrate holder PH2; and thus, the 
holding member 36 enters this space portion 64 to hold 
the under surface of the substrate P. 

[0064] When the substrate P2 is held by the holding 
member 36, the controller CONT moves down the holder 

10 supporting members 21 by the driving mechanisms 22. 
By this, as shown in FIG 10C, the substrate P2 held by 
the holding member 36 is detached from the substrate 
holder PH2. In this manner, the holding member 36 holds 
the substrate P2 on the substrate holder PH2 and de- 

15 taches the substrate P2 from the substrate holder PH2, 
with the substrate holder PH2 being moved down. On 
the other hand, the holder supporting members 21 
mount on the upper surface of the stage device 20, the 
substrate holder PH2 that has moved down. With the 

20 substrate holder PH2 being mounted on the upper sur- 
face of the stage device 20, the suction pipe 2BB of the 
stage device 20 is connected to the flow path 65 of the 
substrate holder PH2. When the suction pipe 28B is con- 
nected to the flow path 65, the controller CONT activates 

25 the valve portion 66 to open the flow path 65,-By this, the 
liquid 50 kept inside of the side wall portion^PH W of the 
substrate holder PH2 is sucked by and into the liquid 
suction device 29 via the flow path 65 ancL-the suction 
pipe 2BB. 

30 [0065] On the other hand, the controller CONT drives 
the gas supply device 35 and makes dry air to be blown, 
via the first and second blowing portions 33 and 34, 
against the substrate P2 separated from the substrate 
holder PH2 and held by the holding member36, and thus 

35 liquid 50 adhering on the substrate P2 is removed. While 
the liquid blown off from the substrate P2 drops onto the 
substrate holder PH2 and onto the bottom portion of the 
chamber 25', the liquid is recovered by and into the liquid 
suction device 29 via the suction pipe 28 B and 28A, re- 

*o spectively. After completion of the liquid removal process 
using the first and second blowing portions 33 and 34, 
the liquid 50 that pooled inside of the side wall portion 
PHW of the substrate holder PH is sucked and recovered 
by and into the liquid suction device 29. Furthermore, 

45 after completion of the liquid removal process using the 
first and second blowing portions 33 and 34, the liquid 
50 that has dropped around the stage device 20 (on the 
bottom of the chamber) is sucked and recovered by and 
into the liquid suction device 29 via the suction pipe 28A. 

5p The liquid suction device 29 recovers the liquid blown off 
from the substrate P2, by sucking the gas inside of the 
chamber 25 along with the liquid scattered. Here, the 
liquid suction device 29 continuously performs the suck- 
ing operation on the gas inside of the chamber 25 and 

55 the liquid scattered. By this, adhesion of the liquid onto 
the inner walls of the chamber 25 or onto the substrate 
holder PH2 is avoided. In addition, because liquid 50 
does not stay inside of the chamber 25, e.g., on the inner 
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walls or the bottom of the chamber 25, the humidity in 
the chamber 25 does not change considerably: Also, 
even when the shutter 26A and/or the shutter 27A are 
opened, wet gas in the chamber 25 would not flow out 
to the outside of the chamber 25. It is to be noted that it 5 
may also be configured such that by providing a drying 
device that can supply dry air into the chamber 25, dry 
air is supplied into the chamber 25 in parallel with the 
sucking operation by the liquid suction device 29. 
[0066] On completion of the removal of the liquid ad- w 
hering on the substrate P2, the controller CONT opens 
the second shutter 27A. When the second shutter 27A 
is opened, the third conveyance device H3 receives, via 
the second opening portion 27, the substrate P2 held by 
the holding member 36. The third conveyance device H3 15 
holding the substrate P2 from which liquid 50 has been 
removed carries out the substrate P2 from the liquid re- 
moval device 100 (the inside of the chamber 25) via the 
second opening portion 27. 

[0067] The substrate P2, from which the liquid has zo 
been removed by the liquid removal device 100 and 
which has been delivered to the third conveyance device 
H3, is conveyed to the coater-developer main body C/D 
via the interface portion IF. The substrate P2 delivered 
to the coater-developer main body C/D (development de- 25 
vice D) is applied with a development process. In this 
manner,.the exposure apparatus EX-SYS of the embod- 
iment removes, before the substrate P is carried out into 
the coater-developer device C/D-SYS via the interface 
portion IF, the liquid adhering on the substrate P by 30 
means of the liquid removal device 100. 
[0068] Next, the third conveyance device H3 delivers 
an unexposed substrate P3 (hot shown) to the holding 
member 36 via the second opening portion 27 of the 
chamber 25..When the substrate P3 is held by the holding 35 
member 36, the controller CONT moves up the holder 
supporting members 21 and mounts the substrate P3 on 
the substrate holder PH2. When the substrate P3 is 
mounted on the substrate holder PH2, the controller 
CONT opens the first shutter 26A, carries out, by using *o 
the first conveyance device H1 , the substrate holder PH2 
holding the substrate P3 from the liquid removal device 
100, and loads the substrate holder PH2 on the substrate 
stage PST2. 

[0069] As described above, because the substrate P 45 
having experienced an exposure process can be carried 
out in a state that the substrate is held by the substrate 
holder PH, the ambient condition change, the rusting of 
the devices, etc., due to the dropping or scattering of the 
liquid can be prevented. Because the first and second 50 
conveyance devices H1 and H2 are configured such that 
they hold not the substrate P on which the liquid is ad- 
hering, but the substrate holder PH on which the liquid 
is not adhering, the conveyance devices are not exposed 
to the liquid, and thus the dropping or scattering of the 55 
liquid along the conveyance paths can be reliably pre- 
vented. Furthermore, with liquid 50 adhering on the sub- 
strate P being removed by the liquid removaldevice.1 00, 
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the occurrence of disadvantages due to the dropping of 
the liquid during the conveyance processes of the sub- 
strate P, for example, the disadvantage that the humidity 
(ambient condition) in the first chamber device CH1 
changes or the disadvantage various devices and mem- 
bers neighboring on the conveyance path rust can be 
precluded. Furthermore, because the third conveyance 
device H3 holds substrate P which is in a state that the 
liquid has been removed therefrom by the liquid removal 
device 1 00, the third conveyance device H3 can convey 
the substrate P, with the device not being exposed to the 
liquid. Furthermore, because it is configured such that 
before conveying substrate P that has been applied with 
an exposure process in the exposure apparatus main 
body EX to the coater-developer device C/D-SYS (de- 
velopment device D), liquid 50 adhering on the substrate 
P is removed by the liquid removal device 1 00, the influ- 
ence of the liquid 50 oh the development process cap be 
eliminated. 

[0070] Furthermore, in the embodiment, it is config- 
ured such that the Jiquid removal device 1 00 is provided 
midway along the conveyance path of the conveyance 
system H and that the exposure apparatus main body 
EX adopts a twin stage system. For this reason, while 
performing the liquid immersion exposure for the sub- 
strate P1 on the substrate stage PST1, one of the twin 
stages, the substrate holder PH2 located on the substrate 
stage PST2, the other twin stage, and holding the sub- 
strate P2 can be detached and carried out; and thus, the 
liquid immersion exposure process at the first substrate 
holder PH1 can be performed in parallel with the carrying 
outofthesecondsubstrate holder PH2 and with the liquid 
removal operation at the second substrate holder PH2. 
Thus, the overall process can be performed while im- 
proving the throughput. In addition, because the liquid 
removal process is performed inside of the chamber 25, 
scattering of liquid 50 into the surroundings can prevent- 
ed. 

[0071] It should be noted that while, in the above-de- 
scribed embodiment, after the substrate stage PST1 
(PST2) has moved under the projection optical system 
PL, the supply of liquid 50 to the inside of the side wall 
portion PHW of the substrate holder PH by means of the 
liquid supply mechanism 12 is initiated, it may also be 
configured such that another liquid supply mechanism is 
disposed near the position where the substrate holder 
PH is loaded on the substrate stage PST1 (PST2) or the 
position where the measurement by means of the align- 
ment system AL is performed, and, while one substrate 
stage (PST1 ) is performing an exposure operation, liquid 
(purified water) having the same temperature as- the-liq- - • 
uid supplied from the liquid supply mechanism 1 2 is sup- 
plied to inside of the side wall PHW of the substrate holder 
PH mounted on the other substrate stage PST2 to im- 
merse the substrate P on the substrate stage PST2 in 
the liquid. In this case, the measurement by the alignment 
system AL may be performed either before the substrate 
P on the substrate stage PST2 is immersed in the liquid 
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or after the substrate has been immersed in the liquid. 
However, in the case of performing the measurement 
with the substrate P being immersed in the liquid, the 
alignment system AL is required to be adapted to the 
liquid immersion method. By, In this way, immersing the 
substrate P in the liquid before the substrate stage PST 
moves under the projection optical system PL, the 
throughput can be improved, and, at the same time, the 
exposure of the substrate P can be immediately initiated 
in a state that the temperature of the substrate P is sta- 
bilized. 

[0072] Furthermore, it may also be configured such 
that by making at least one of the optical element 60 of 
the projection optical system PL and the substrate holder 
PH (PH1 , PH2) on the substrate stage PST(PST1 , PST2) 
movable in the Z-direction, at least one of the optical el- 
ement 60 and the substrate holder PH is moved in the 
Z-direction during the movement of the substrate stage 
PST so that the upper end portion of the side wall portion 
PHW of the substrate holder PH does not collide with the 
end portion of the projection optical system PL. 
[0073] Furthermore, if there is the possibility that dur- 
ing the movement of the substrate stage PST, the liquid 
inside of the side wall portion PHW of the substrate holder 
PH vibrates due to the movement of the substrate stage 
PST, it may be configured such that an anti-turbulence 
material is disposed on the inside surface of the side wall 
portion PHW of the substrate holder PH to prevent scat- 
tering of the liquid. 

[0074] It is to be noted that while, in the above embod- 
iment, when blowing off the liquid adhering on substrate 
P in the liquid removal device 1 00, dry air is blown against 
the substrate P in a state that the substrate is held parallel 
to the horizontal plane (XY-plane), the dry air may also 
be blown against substrate P in a state that the substrate 
is inclined relative to the horizontal plane. By this config- 
uration, the liquid 50 adhering on the substrate P leaves 
the substrate P more easily owing to its own weight of 
the liquid. Of course, the dry air may also be blown against 
the substrate P in a state that the substrate is set to be 
vertical. 

[0075] In the above-described embodiment, the sub- 
strate holder PH is provided with the side wall portion 
PHW; however, when liquid immersion exposure is per- 
formed by forming a liquid immersion region on a part of 
the substrate P as described in PCT International Publi- 
cation No. WO 99/49504, the side wall portion PHW may 
be dispensed with. Because, in that case also, the sub- 
strate P is carried out with the substrate being still held 
by the substrate holder PH, dropping of the liquid from 
the substrate P can be prevented, for example. 
[0076] Furthermore, while in the above-described em- 
bodiment, the description is made by using the two sub- 
strate holders PH, three or more substrate holders may 
also be used. 

[0077] It is to be noted that while the above-described 
embodiment adopts the twin stage system using the two 
substrate stages PST1 and PST2, the present invention 



can, of course, be applied to an exposure apparatus hav- 
ing a single substrate stage PST. 
[0078] As described above, the liquid 50 of the embod- 
iments is constituted by purified water. Purified water has 

5 the advantage that it is easily available in bulk in, e.g., 
semiconductor manufacturing factories and also the ad- 
vantage that it does not adversely affect photoresist on 
substrate P, optical elements (lenses), etc. Furthermore, 
purified water does not adversely affect the environment 

10 and contains scarcely any impurities; thus, the effect that 
it cleans the surface of the substrate P and the surface 
of the optical element provided at the end portion of the 
projection optical system PL can be expected. 
[0079] Furthermore, the refractive index n of purified 

15 water (water) relative to the exposure light EL having a 
wavelength of about 193 nm is approximately 1 .44, and 
thus, when ArF excimer laser light (having 1 93 nm wave- 
length) is used as the light source of the exposure light 
EL, the wavelength is effectively shortened, on substrate 

20 p, as multiplied by 1/n, i.e., effectively becomes approx- 
imately 134 nm, and a high resolution can be obtained. 
Furthermore, since the depth of focus increases by ap- 
proximately n times, i.e., approximately by 1 .44 times, 
compared with that in the air, when securing of the depth 

25 of focus on par with the depth of focus realized when the 
projection optical system is used in the airrsuffices, the 
numerical aperture of the projection opticahsystem PL 
can be further increased, which also improves the reso- 
lution. 

30 [0080] While, in the embodiment, the optical element 
60 is attached to the end portion of the projection optical 
system PL, an optical plate for adjusting the optical char-: 
acteristics, e.g., aberrations (spherical aberration, coma 
aberration, etc.), of the projection optical system PL may 

35 be utilized as the optical element to be attached to the 
end portion of the projection optical system PL Alterna- 
tively, a plane parallel plate that can transmit the expo- 
sure light EL may be utilized. 

[0081] It should be noted that if the pressure, caused 

to by the flow of liquid 50, of the space between the optical 
element located atthe end portion of the projection optical 
system PL and substrate P is high, it may be configured 
such that the optical element is rigidly fixed so as not to 
move due to the pressure, instead of making the optical 

45 element replaceable. 

[0082] It should be noted that while, in the embodi- 
ment, it is configured such that the space between the 
projection optical system PL and the surface of substrate 
P is filled with liquid 50, it may also be configured, for 

50 example, such that the space is filled with the liquid 50 
in the condition that a cover glass constituted by a plane 
parallel plate is attached to the surface of the substrate P. 
[0083] It should be noted that in the above-described 
embodiment, the configuration of the nozzles is not ex- 

55 clusively restricted to that described earlier, and it may 
be configured, for example, such that with respect to the 
long side of the end portion 60A, liquid 50 is supplied and 
recovered by two pairs of nozzles. Note that, in this case, 
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supply nozzles and recovery nozzles may be arranged 
one above the other so that liquid 50 can be supplied and 
recovered from both of the +X and -X directions. 
[0084] It should be noted that while, in the above-de- 
scribed embodiment, it is configured such that by blowing 5 
a gas (dry air) against substrate P, the liquid removal 
device 100 removes the liquid adhering on the substrate 
P, it may also be configured such that by sucking the 
liquid adhering on the upper and reverse surfaces of the 
substrate P detached from the substrate holder PH, the 10 
liquid is removed. This will be described referring to FIG. 
1-1. Note that in the following description, the same or 
equivalent constituent elements as those in the 
above-described embodiment are denoted by the same 
reference numerals, and their descriptions will be 15 
abridged or omitted. 

[0085] The liquid removal device 100 shown in FIG. 
1 1 is provided with a first and a second suction portions 
37 and 38 that are connected to the liquid suction device 
29 via a flow path and suck liquid 50 adhering on the 20 
upper surface and reverse surface of the substrate P, 
respectively, and with a drying device 39 that dries the 
inside of the chamber 25. The first and second suction 
portions 37 and 38 are provided such that they are mov- 
able in the X-direction relative to the substrate P. When 25 
removing the liquid 50 adhering on the substrate P, the 
controller CONT drives the liquid suction device 29 in a 
state that the f irst and second suction portions 37 and 38 
are made to be near the substrate P. By this; the liquid 
50 adhering on the substrate P is sucked by and into the 30 
liquid suction device 29 via the first and second suction 
portions 37 and 38. By performing the sucking operation 
by the liquid suction device 29 while moving the first and 
second suction portions 37 and 38 Fn the X-direction rel- 
ative to the substrate P, the liquid 50 adhering on the 35 
substrate P is removed. During this process, the drying 
device 39 supplies a dry gas (dry air) to the inside of the 
chamber 25. With the inside of the chamber 25 being 
dried by the drive of the drying device 39, the removal of 
the liquid 50 from the substrate P can be facilitated. *o 
[0086] It is to be noted that it may also be configured 
such that the sucking operation to suck the liquid 50 on 
the substrate P described referring to FIG. 1 1 and the 
gas blowing operation through the blowing portions de- 
scribed referring to FIG. 8, etc., are simultaneously per- 45 
formed. Alternatively, it may be configured such that after 
performing either one of the sucking operation and the 
gas blowing operation, the other operation is performed. 
Furthermore, the drying operation by the drying device 
39 may be performed in parallel with the sucking opera- so 
tion and/or the gas blowing operation or may be per- 
formed before and/or after those operations. In other 
words, any appropriate combination of the sucking op- 
eration, the drying operation, and the gas blowing oper- 
ation (liquid blowing off operation) may be used. 55 
[0087] It should be noted that for the exposure process 
performed, based on a liquid immersion method, in the 
exposure apparatus main body EX, a liquid other than 



water may be used as liquid 50. For example, when the 
fight source of the exposure light EL is an F 2 laser, the 
F 2 laser light does not transmit through water, and thus 
by using, as liquid 50, a fluorochemical oil that can trans- 
mit the F 2 laser light, the exposure process can be real- 
ized. As just described, a liquid other than water may be 
used as liquid 50. Furthermore, as liquid 50, a material, 
e.g., cedar oil, that can transmit the exposure light EL, 
has a high refractive index as. high as practicable, and 
does not affect projection optical system and the pho- 
toresist applied to the surface of substrate P can also be 
used. 

[0088] It is to noted that regarding substrate P of each 
of the above-described embodiments, not only a semi- 
conductor wafer for manufacturing a semiconductor de- 
vice, but also a glass substrate for a display device, a 
ceramic wafer for a thin film magnetic head, a master 
mask or reticle (synthetic quartz or silicon wafer), etc., 
can be used. 

[0089] Regarding the exposure apparatus (exposure 
apparatus main body) EX, in addition to a scan type ex- 
posure apparatus (scanning stepper) in which while syn- 
chronously moving mask M and substrate P, the pattern 
of the mask M is scan-exposed, a step-and-repeat type 
projection exposure apparatus (stepper) in which the pat- 
tern of mask M is exposed at one time in the condition 
that the mask M and the substrate P are stationary, and 
the substrate P is successively moved stepwise can be 
used. Also, the present invention can be applied to a 
step-and-strtch type exposure apparatus in which at least 
two patterns are transferred onto substrate Pin a partially 
overlapping manner. 

[0090] Regarding the type of the exposure apparatus 
EX, the present invention is not limited to an exposure 
apparatus, which exposes a semiconductor pattern onto 
substrate P, for manufacturing semiconductor devices, 
but can also be applied to a variety of exposure appara- 
tuses, e.g., an exposure apparatus for manufacturing liq- 
uid crystal display devices or displays, an exposure ap- 
paratus for manufacturing thin film magnetic heads, an 
exposure apparatus for manufacturing image pickup de- 
vices, and an exposure apparatus for manufacturing ret- 
icles or masks. 

[0091 ] When using a linear motor (see U.S. Patent No. 
5,623.853 or U.S. Patent No. 5,528,1 1 8) forthe substrate 
stage PST or the mask stage MST, either air-cushion 
type linear motor using an air bearing or a magnetic lev- 
itation type linear motor using a Lorentz force or reac- 
tance force may be used. Furthermore, each of the sub- 
strate stage PST and the mask stage MST may be either 
of a type moving along a guide or of a guideless type 
having no guide. 

[0092] As the driving mechanism for each of the sub- 
strate stage PST and the mask stage MST, a planar mo- 
tor in which by making a magnet unit in which magnets 
are two-dimensionally arranged and an armature unit in 
which coils are two-dimensionally arranged face each 
other, each of the substrate stage PST and the mask 
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stage MST is driven by an electromagnetic force may be 
used. In this case, either one of the magnet unit and the 
armature unit is attached to the stage PST or the stage 
MST, and the other unit is attached to the moving surface 
side of the stage PST or the stage MST. 
[0093] A reaction force generated by the movement of 
the substrate stage PST may be, as described in Japa- 
nese Unexamined Patent Application, First Publication 
No. H08-1 66475 (U.S. Patent No. 5,528,118), mechan- 
ically released to the floor (earth) by use of a frame mem- 
ber so that the force does not transmit to the projection 
optical system PL. A reaction force generated by the 
movement of the mask stage MST may be, as described 
in Japanese Unexamined Patent Application, First Pub- 
lication No. H08-330224 (U.S. Patent Application Serial 
No. 08/416,558), mechanically released to the floor 
(earth) by use of a frame member so that the force does 
not transmit to the projection optical system PL. 
[0094] As described above, the exposure apparatus 
EX according to the embodiments of the present appli- 
cation is built by assembling various subsystems, includ- 
ing each element listed in the claims of the present ap- 
plication, in such a manner that prescribed mechanical 
accuracy, electrical accuracy, and optical accuracy are 
maintained. In order to ensure the various accuracies, 
prior to and after the assembly, every optical system is 
adjusted to achieve its optical accuracy, every mechan- 
ical system is adjusted to achieve its mechanical accu- 
racy, and every electrical system is adjusted to achieve 
its electrical accuracy. The process of assembling each 
subsystem into the exposure apparatus includes me- 
chanical interfaces, electrical circuit wiring connections, 
and air pressure plumbing connections between each 
subsystem. Needless to say, there is also a process 
where each subsystem is assembled prior to the assem- 
bling of the exposure apparatus from the various subsys- 
tems. On completion of the process of assembling the 
various subsystems in the exposure apparatus, overall 
adjustment is performed to make sure that every accu- 
racy is maintained in the complete exposure apparatus. 
Additionally, it is desirable to manufacture the exposure 
apparatus in a clean room, in which the temperature, 
purity, etc., are controlled. 

[0095] As shown in FIG. 12, micro devices such as 
semiconductor devices are manufactured by a series of 
steps, including: step 201 in which the micro device's 
function and performance design is performed; step 202 
in which a mask (reticle) is manufactured based on the 
design step; step 203 in which a substrate, the device's 
base material, is manufactured; step 204 in which the 
mask pattern is exposed onto the substrate by exposure 
apparatus EX according to the above-described embod- 
iments; device assembly step 205 (including the dicing 
process, bonding process, and packaging process); in- 
spection step 206. 
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INDUSTRIAL APPLICABILITY 

[0096] In accordance with the present invention, since 
the influence of the vaporization of liquid on a substrate 
and the influence of impurities can be suppressed, and, 
at the same time, the dropping or scattering of the liquid 
from the substrate during its conveyance process can be 
prevented, the ambient condition change, the rusting of 
the devices, etc., are prevented, and thus, desired pat- 
terns can be formed on the substrate with high accuracy. 
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An exposure apparatus in which by filling at least a 
portion between a projection optical system and a 
substrate with a liquid and by projecting an image of 
a pattern onto the substrate via said projection opti- 
cal system and said liquid, said substrate is exposed, 
said exposure apparatus comprising: 

a substrate holding member that holds said sub- 
strate and keeps liquid so that said substrate is 
immersed in the liquid; and 
a liquid supply mechanism that supplies, at a 
vicinity of the projection area of said projection 
optical system, liquid onto said substrate from 
above said substrate. 

An exposure apparatus according to claim 1 , further 
comprising: a liquid recovery mechanism that recov- 
ers, at a vicinity of said projection area, the liquid on 
said substrate. 

An exposure apparatus according to claim 1 or 2, 
further comprising: a movable member that supports 
said substrate holding member and that two -dime n- 
sionally moves said substrate holding member. 

An exposure apparatus according to claim 3, where- 
in said substrate holding member is detachable from 
said movable member. 

An exposure apparatus in which by forming a liquid 
immersion region on at least a part of a substrate 
and by projecting an image of a pattern onto the sub- 
strate via the liquid forming said liquid immersion re- 
gion and a projection optical system, said substrate 
is exposed, said exposure apparatus comprising: 

3 substrate holding member that holds said sub- 
strate and has a side wall portion formed such 
that it surrounds said substrate to prevent flow- 
ing out of said liquid; and 
a movable member on which said substrate 
holding member can be detachably set and 
which is two-dimensionally movable relative to 
said projection optical system while supporting 
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said substrate holding member. 

6. An exposure apparatus according to claim 4 or 5, 
wherein said substrate holding member is attached 

to and detached from said movable member in a 5 
state that said substrate is held by said substrate 
holding member. 

7. An exposure apparatus according to claim 6, where- 
in that after said substrate holding member being 10 
attached to said movable member, the liquid is sup- 
plied on said substrate. 

8. An exposure apparatus according to claim 6 or 7, 
further comprising: a liquid removal mechanism that 15 
removes, after said substrate holding member being 
detached from said movable member, the liquid ad- 
hering on said substrate having experienced said 
exposure. 

20 

9. An exposure apparatus according to claim 8, where- 
in 

said movable member has a first movable member 
and a second movable member, 

said substrate holding member has a plurality of sub- 25 
strate holding members that are attachable to and 
detachable from any one of said first and second 
movable members, and 

during the liquid immersion exposure of a substrate 
on a the substrate holding membersupported by one 30 
of said first and second movable members, a sub- 
strate holding member supported by the other mov- 
able member is detached and carried out. 

10. An exposure apparatus in which by forming a liquid 35 
immersion region on at Jeast a part of a substrate 
and by projecting an image of a pattern onto the sub- 
strate via the liquid forming said liquid immersion re- 
gion and a projection optical system, said substrate 

is exposed, said exposure apparatus comprising: *o 

a substrate holding member that holds said sub- 
strate; 

a movable member on which said substrate 
holding member can be detachably set and 45 
which is two-dimensionally movable relative to 
said projection optical system while supporting 
said substrate holding member; and 
a conveyance mechanism that conveys said 
substrate holding member having been de- 50 
tached from said movable member, with said 
substrate being still held by said substrate hold- 
ing member. 

1 1 . An exposure apparatus according to claim 1 0, further 55 
comprising: a liquid removal mechanism that re- 
moves, after said substrate holding member being 
detached from said movable member, the liquid ad- 



hering on said substrate having experienced said 
exposure. 

1 2. An exposure apparatus according to claim 1 0 or 1 1 , 
wherein 

said movable member has a first movable member 
and a second movable member, 
said substrate holding member has a plurality of sub- 
strate holding members that are attachable to and 
detachable from any one of said first and second 
movable members, and 

during the liquid immersion exposure of a substrate 
on a the substrate holding membersupported by one 
of said first and second movable members, a sub- 
strate holding membersupported by the other mov- 
able member is detached and carried out. 

13. A device manufacturing method that uses an expo- 
sure apparatus according to claim 1 or 10. 
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